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Documents which provide a basis f o r  management of the Shuttle Avionics 
Integration Laboratory (SAIL) have been developed t o  irmplement the re- 
quirements set for th  i n  the Space Shuttle Level 11 Program Definition 
and Requirements Documents and by other applicable governing docunrenta- 
tion. SAIL requirements, directives,  procedures, et cetera, which are 
controlled by the SAIL project managemnt are documsnted within the 
V O l m S  of JSC-08663. 

A l l  NASA and contractor organizations involved i n  SAIL a c t i v i t i e s  must 
adhere t o  the requiremrrts i n  these basemred volumes. Any deviations 
from o r  changes t o  such requirements must he submitted along with Full 
jus t i f ica t ion  t o  the SAIL Manager. 
maintained current by change pages o r  revisions as required. 

These management volumes w i l l  be 

This volume, V o l w  I of JSC-08663, describes the objectives and approach 
f o r  the SAIL and presents the management methods, roles and responsibili- 
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I.'? EXXCUTIVE SUMMARY 

I. 1 INTRODUCTION 

The Shuttle Avionics Integration Laboratorg (SAIL) has been e s t a b  
lished a t  the NASA Johnson Snace Center (JSC) t o  nerfonn avionics 
system int,egrated tes t ing  i n  d i rec t  sunvort of t h e  Sbace Shuttle 
Program. The SAIL w o r l d e s  a central  f a c i l i t y  where the avionics 
and related hardware (or simulations of the ha!'dvrare), f l i gh t  soft-  
ware, f l i gh t  mocedures, and associated ground sun-ort equiDment 
will be f u l l y  integrated f o r  testinp. 
to the su?.rort of the S-ace Shuttle Program. 
aim of the  SAIL t o  exercise the corn-lete configuration of each 
Orbiter fliqht, or mission before actual flight. 
qrovide a test bed for  the verification of a l l  avionics interfaces 
9f other Shuttle Program Elements including: 

The SAIL will be dedicated 
It w i l l  be the ultimate 

The laboratory will 

o "&tarnal Tank (ET) 

o S?ace Shuttle Main Entdne (SSME) 

o Solid Rocket, Rooster (SRB) 

o Launch Processing System (LPS) 

9 Payloads 

A *rll wt O f  flieht, qieli f iah1P Orbitmr avionics subsystems hard- 
warn and mated elements hardware w i l l  bc? incornra ted  i n  the SAIL. 
This hamlware will vovide the basic coinfiguration which the  systems 
inteeration and mission verification tes t ing will be tlerfonned. 

1.2 PURPOSE OF THE SAIL PROJECT PLAN 

The vimrg iur-ose of the SAIL Project Plan i s  t o  wovide a vograrn 
insight i n to  the mec i f i c  functions of the SAIL, the organIration 
and i n t e r h c e s  of the SAIL, and the methods t o  be ut i l ined i n  maria- 
Wment of the SAIL. The objectives of the SAIL are di rec t ly  nrogram 
related, hence, the management and organi-atian of the SAIL are con- 
ceived i n  v o j e c t  fashion wi th  emnhasis on schedule and cost as wel l  
as technical nroduct. 

The SAIL Project Plan responds d i r e c t l y  to  the managemnt and technical 
requirements contained within the v o l k s  of the Level I1 Program 
Definition and kquirement,s document, JSC-07700: and t o  rmnroqriate 
Sqacc Shuttle Program Level volumes of the Master Verification Plan 
and awlicable  Shuttle nrogram directives. 

The SAIL Project Plan delineatem management roles and r e s p 0 n a ~ b i ~ -  
ties and describes the mans of impleumnting Shuttle Programmanage- 
ment policies d a t i v e  t o  SAIL. 

1-1 



The secondary purposes of this plan include: 

o Clarification and specif ic  delineation of the Space Shuttle Pro- 
graxrunatic SAIL requiremnts . 

o Establishing a clear  basis f o r  intra-center and inter-center co- 
ordination and operations. 

o Serve as  the focal  point f o r  SAIL objectives. 

o Present functional organization in t e re l a t ionsh ips  . 
o Provide single source guidance and dilnsction f o r  SAIL Project and 

lower l eve l  management . 
1 . 3  SAIL OBJECTI~VES 

The overall  objective of SAIL is t o  serve as  a test f a c i l i t y  which can 
demonstrate and verif'y t ha t  a l l  of the various e lemnts  of the Shuttle 
integrated avionics system, along with the various units of non-avionics 
tha t  interface d i rec t ly  with the avionics, p e r f m  successfully accord- 
ing t o  a l l  applicable specifications when operated simultaneously i n  
a l l  integrated modes of operation. 
using qualifiable f l i g h t  hardware and f l i gh t  software i n  the multi- 
s t r i ng  configuration along with d i rec t ly  mlated ground check-out sys- 
terns. Subsequent t o  the primary verification, SAIL K i l l  conduct 
avionics performance evaluatians relative t o  each Shuttle mission. 
Table 1-1 presents the m j o r  objectives of SAIL. 
accomplishment of the major objectives, a number of secondary objectives 
will be accomplished. 

The test ing w i l l  be conducted, 

Incidental  t o  the 

Som of these are: 

o Perfom early integration and validation of interfaces  between 
avionics and ground check-out o r  launch support e q u i p n t .  

o Provide test f a c i l i t y  f o r  evalustion of mission anomalies and the 
developmnt and evaluation of firwork arounds" . 

o Provide a familiarization resource f o r  f l i g h t  crew and mission 
operation organizations i n  the characterist ics of the avionics sys- 

. tems. 

o Provide mission operation experience i n  s y s t e m  check-out and combined 
ground/vehicl.e operations. 

The SAIL will be implemented and u t i l i aed  specif ical ly  t o  integrate 
the various Shuttle avionic sub systems and system elements i n t o  a 
functioning t o t a l  avionics complex. 
ver i fy  the integrated avionics functions. These objectives w i l l  be 
met through a sequence of laboratorg test phases. 
functional open and closed loop tests of the integrated avionics and 
specif ical ly  f l i g h t  control, integrated communications, and associated 
data processing. Open loop tests w i l l  be i n i t i a t ed  by the test opera- 
t o r  and results displayed back t o  the operator, while closed loop 
test stimuli w i l l  be i n i t i a t ed  by a computer and will include math 

This complex w i l l  then be used t o  

These will include 

1-2 



Table 1-1 Major S A I L  Objectives 

r 

The major S A I L  objective are to: 

( 1 )  Verify the systems function and compatibility of the integrated 
orbiter avionics and the associated software. 

(2) Verify the avionics interfaces, integrated function and avionics 
mission capability o f  the orbiter, the mated elements (ET, SR'B 
and SSME) and the Launch Processing System (LPS). 

(3) Verify the avionics interfaces between myloads and the orbiter. 

(4) Perform systems level investigations and verifications for: 

Mission Unique Software 

Miss ion Functional Requirements 

Operationa I Anomalies 

Effects of System Design Changes 

1-3 



1.4 

models of the vehicle dynamic responses. Evaluations of the redun- 
dancy management functions w i l l  also be conducted. The SAIL speci- 
f i c a l l y  will not be ut i l ized  f o r  Shuttle avionic subsystem and com- 
ponent developmsnt o r  for  generalized support t o  subsystem and 
component unique evaluation. 
exclusive f l i g h t  control mission evaluator although a portion of the 
SAIL mission support objectives will be met  through such testing. 

The SAIL will  also not be used a s  an 

SAIL D”SCRIPTI0N 

A phased incremental approach is planned as SAIL evolves to i ts  f a  
capability. 
phase u n t i l  a final Mission Operations Support s ta tus  i s  achieved. 
Table 1-2 presents the major ac t iv i t i e s  associated with this phased 
approach. 

Each subsequent phase builds logical ly  upon the preVioUS 

l.4.l MAJOR SAIL OPERATIONAL EIEMENTS 

Each major operational e l emnt  of the basic SAIL configuration i s  
l i s t e d  here along with a br ief  description of the function of each. 
Appropriate modifications t o  the SAIL will be incorporated as  the 
laboratory evolves under its phased approach i n  order t o  meet the 
SAIL objectives during the specific phase. 

1.4.1.1 AVIONICS FLIGHT SYSTEIB (AFS) 

During the activation phase (Phase I ) ,  a single-string core avionics 
configuration of the avionics f l i gh t  system w i l l  be instal led and 
integrated in to  the test area. 
during laboratorg performance evaluations and ear ly  systems integra- 
t i on  testing. 

Subsequent phases of SAIL will be configured with f l i g h t  qualifiable 
avionics hardware in a multi-string configuration. 
w i l l  be installed in a thme  dbnsionalmock-up consisting of a 
cockpit, forward equipment bays, and AFT equipment bays. TIJiring 
harness w i l l  be near f l i g h t  configuration i n  a l l  respects, i.e., 
length, s ize ,  and muting. 
maximum number of f l i g h t  avionics components i n  the open and closed 
loop tes t ing  p e r f o m d  i n  the SAIL. 

This configuration w i l l  be u t i l i zed  

This hardware 

A primary goal of SAIL is t o  include a 

During Phase 111, the  total  Shuttle avionics system w i l l  be integra- 
ted i n t o  SAIL. This will include the mated elements, i.e., SSME, 
SRB, ET, and LPS. Each of these w i l l  consist of the following: 

SSME - Engine controllers, connector plate, interfacing cabling, 
and engine simulator t o  provide inputs t o  the controllers. 

SRB - Elec t r i ca l  power circuitrg,l data multiplexers, connector 
plates, interface cabling, ra te  sensors, TVC interface,  
pymtechnics controllers, and SRB s y s t e m  s h l a t o r s .  



Table 1-2 Shuttle Avionics Integration Laboratory Phases 

PHASE I - ACTIVATION 

o Install Laboratory Test Systems 

o Integrate early Fl ight  Subsystems 

o Accomplish Laboratory Performance Testing 

PHASE II - ORBITER AVIONICS VERIFICATION, APPROACH AND 
LANDING TEST 

o 

o 

o 

Install and Integrate Flight Avionics System 

Perform Integrated Avionics System Verification Testing 

Support Approach and Landing Test Program 

PHASE 1 1 1  - ORBITER AV IONICS VERIFICATION, ORBITAL F L I G H l  
TEST 

o Update Flight Avionics System 

o 

o 

o 

Install and Integrate Mated Elements Avionics 

Perform Integrated Avio nics System Verification Testing 

Support Orbital Fl ight  Test Program 

PHASE IV - MISSION OPERATIONS SUPPORT 

o Mission Evaluations 

o . Mission Anomalies 

o Verify Design Changes 

1-5 
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1.4.1.2 

1.4.1.3 

1.4 01.4 

ET - Elec t r ica l  parer circuitry,  data multiplexers, connec- 
t o r  p l a t e s ,  interface cabling, vent valve controller, 
ET system simulators. 

LPS - Mulkiplexers, interface electronics, and command 
simulators. 

The d e t a i l  mated element/SAIL interface requirenmts are defined 
i n  JSC-08663 Volum X Mated Elements Managemnt Plan. 

INTEZRATED TEST AmA (ITA) 

The integrated tes t  area w i l l  consist of three dimensional mock- 
up structure representing the Shuttle Orbiter and f a c i l i t i e s  t o  
support the avionics f l i gh t  system and the associated tes t  equip- 
ment. 
control and mounting support. 
late as near as possible the actual  size of the f l i gh t  Orbiter 
and thereby allow near f l i gh t  configuration wire harnesses. 

TEST OPERATIONS CENTER (TOC) 

The f a c i l i t i e s  w i l l  include e l ec t r i ca l  power, e n v i m w n t a l  
The layout of the area w i l l  simu- 

The TOC consists of display and control consoles and hardware 
configured i n  function and quantity t o  provide control of the 
SAIL integrated support complex including communication and 
direction of test ac t iv i t ies .  

SHU"Lf3 DYNAMICS SIMULATOR (SJE) 

The Shuttle Dynamics Simulator provides the SAIL with six-degree- 
of-freedom (6 DOF) dynamic simulation capability. 
planned t o  have a capabili ty t o  provide simulated orb i te r  vekkcle 
characterist ics,  the  AFS simulated environment and certain avionics 
model simulations . 

The SI35 is  

SIMULATORS INTERFACE SUBSYSTEM (SIS) 

The simulators interface subsystem w i l l  accomplish the interface 
compatibility function including data acquisition, coordination 
and routing between the Shuttle Dynamics Simulator (SDS), the 
Avionics Flight System (AFS), and the Test Operations Center 
(TOC). SIS requiremsnts include the following: 

o Transfer, convert and route closed loop simulation data sets 

o Transfer, convert and mute i n t e m d i a t e  SMS calculations f o r  

from SDS t o  AFS. 

display and/or recording a t  TOC. 

o Acquire, convert, and t ransfer  Avionics Flight System outputs 
f o r  the SDS and TOC. 

o Perform open loop simulations under Toc or SD6 control. 

1-6 



c . 

o Perform pretest calibration/verification of SAIL/AFS in te r -  
face. 

1.4.1.6 TEST INTERFACE SYSTEM (TIS) 

The Test Interface System (TIS) provides interface between the 
Test Operations Center (TOC) and the Simulation Interface Subsystem 
(SIS) fo r  control, m i a t i o n ,  and monitoring of simulation data 
and status.  The TIS provides interface between FAC/CSE and the TOC. 

The major functional items i n  the TIS amre the Test Interface 
Control Module (TICM), Ground Support Interface Unit (GSIU), 
Signal Termination Module (Sm), Nav-aids Test Set, CDC 606 
recorders and visual and t M n g  support, equipment. 

1.4.1.7 ELECTRONICS SYSTEM TEST LABORATOHP (ESTL) 

The Electronic System Test Laboratorg (ESTL) contains the com- 
munications hardwarn necessary t o  support tes ts  t o  accomplish 
the SAIL tbst objectives of v e r i w n g  experfmentally that the 
Shuttle RF communications links are compatible, ident i fy  system 
performance Mta t ions  on operational constraints, es tabl ish 
experimntally the conammications channel performance charac- 
teristics required for f l i g h t  operations mission support, and 
t o  ce r t i fy  that system paramters are cormmsurate With mission 
c o d c a t i o n s  mquirements 

1.4.2 SAIL FUNCTIONAL BUKK DIAGRAIB 

F igures  1-1 through 1-4 present functional block diagrams of the 
SAIL for each phase. 
during each phase is indicated by applicable code. 

The equipmsnt and/or capabili ty added 
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2.0 

2.1 

2.1.1 

SAIL PROJECT MANAGEMENT 

This section presents the managemsnt robs and msponsibi l i t ies  
f o r  the SAIL project and describes th planned managemsnt ap- 
proach. The SAIL management approach provides v i s i b i l i t y  and 
control of the SAIL objectives and activihies.  

MANACtEMENT ROLES AND KESH)NSIBILITIES 

The operation of the Shuttle Avionics Integration Laboratorg 
relies extensively on the support and smooth interfacing of many . 
functional organizations, panels, working groups and contractor 
organisations. 
and responsibil i t ies of each organization and is described separately 

In t epcen te r  and intra-center working agreemsnts o r  let ters of 
agmemsnt will be prepared i n  order t o  c lear ly  i d e n t i e  program 
requimmnts,  specify ac t iv i ty  products and c o d t  t o  associated 
schedules and budgets . 

T h i s  section presents the detailed project roles 

Figure 2-1 depicts the primary organizations involved i n  the planned 
development and operational use of the SAIL. 
t iona l  responsibil i t ies are included i n  this section of this SAIL 
Project Plan. 

SPACE SHUTTLE PROGRAM OFFICE/OR€KTER PROJECT OFFICE (SSpO/OR) 

Detailed organiza- 

The Snace Shuttle Program Office (SSFO) and the Orbiter Project 
Office ( O R )  are responsible f o r  the overall  management of the 
SAIL integrated test  program. The program and proJect managers 
assum provisions f o r  the required detailed planning and documen- 
ta t ion  during the time the Orbiter Avionics is being manufactured 
and insure continuity of technical requirements throughout the 
l i fe  of the Avionics. 
responsible for overall requirements of the SAIL test program, 
f o r  specified ver i f icat ion and f o r  general program/project manage- 
ment and have review authority of the  general program/project 
managemnt of SAIL. 

The program and project off ices  am 

2.1.2 ENGINEERING AND DEVELOPMENT DIJU3CTORATE (E&DD) 

The E&D Mrectorate i s  responsible f o r  the general impbmnta- 
t ion  of the SAIL and f o r  the test programs conducted themin, 
The E&D Directorate w i l l  provide avionics systems technical 
support f o r  the check-out, test and data analysis a c t i v i t i e s  a5 
w e l l  as the functions described below f o r  the F&DD organizatims, 

2.1.2.1 SHUTTLE AVIONICS INTEGRATION LABORATORY 

The SAIL has been established dthin the Avionics Systems Engi- 
neering Division (ASED) and is organi~ed  with a manager, staff 
and two branches. the staff is  responsible f o r  planning and 
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technical integration, while the Flight Sgstem Test Eiranch and 
Check-out Syetem Branch are responsible f o r  management of Avionics 
Flight System and t e s t  laboratory systems, respectively. Contained 
within the maponsibi l l t ies  ,are the  following: 

Providing centralised SAIL project mansgembnt of a l l  e f fo r t s  

schedule mquiremnts , E8tabU.shing project managemsnt p-, 
schedules, budget, technical approach, etc, This includes 
those SAIL dimcted e f fo r t s  of JSC, JSC hardware and support 
contractors, and SAIL related a c t i d t i e s  a t  Marshall Space 
Flight Center and a t  &nnedy Spece Center. 

mnts within necessary nmmrce and schedule con8trainto. 
The SAIL Management Office w i l l  provide project s ta tus  t o  
both program and functional management amas. 

ISC088aI7 t o  e s t a b u h  SflL andl mS& program technical and 

This project 
n g e m ~ n t  w i l l  be Prir0-d t o  met S h t t l e  P r o m  m&m- 

Providing d e t a i h d  operstional direction of the  appropriate 
ccmtractor(s) in the site activation and the pmparaticm, 
check-out and t es t ing  u t iUeing  the SA& This responsibility 
includes Work Breakdown Structure 3.4.8 b g e m n t  of Rackwell 
International effox%s. It also includes detailed technical 
management of d i m c t l y  assignsd e f fo r t s  of support and hard- 
wam contractom t o  plan, acquire, i n s t a l l ,  integrate, 
operate and maintain SAIL systems. 
of the  laboratoxy support contractor, Lockheed Electronics 
Company and the Space Shuttle Engineering and Operations 
Support contractor, McDonnell .tbu@.as Technical Service8 

This includes dimction 

C O I n p a q .  

Specifically design, implement, operate, and maintain the 
SAIL f a c i l i t i e s  except f o r  e q u i p n t  and functions delegated 
t o  other supporting elemnts ,  This act ivi ty ,  however, in- 
cludes responsibility f o r  management of the overall integra- 
t i on  of those other delegated SAIL functionalelements in- 
cluding acquisition, ins ta l la t ion ,  and operations of avionics 
f l i g h t  systems and laboratoxy system. 

Establishing necessarg integrated test plana and objectives 
mflect ing program and s y s t e m  technical requirements, planning 
will include general and detailed scheduling, O P e r a ~ ~ l  
and mthods, necessarg procedures f o r  a l l  operations, and 
integration and publication of the contractorcprepared test 
plana and test preparation plans f o r  purposes of assuring in- 
tegrated SAIL test phnning. 

Specifically design, procum, implement, operata, and maintain 
the Tost Operation Center (TW) t o  8UppOX% ths  SAIL testing 
PrOgPalU. 
t o  Interface with the Avlonico Flight  System and other labora- 
tory support elemnts, and pmvide data dispby and recording 
aa mquimd. 

This i 8  t0 i r d u &  halldwam md 8Oftmrm mCO8Serg 
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2.1.2.2 SUBSYSTEM MANACEFE 

A system has been implemented t h m  the Shuttle p m g d o r b i t e r  
project t o  provide technical l i a i son  and management u t i l i z ing  
a subsystem work breakdown structure management approach. It 
is  expected tha t  each Work Breakdown Structure ('JJBS) and/or 
subsystem manager in conjunction with the Rockwell International 
counterpart will support acquisition, operation, and performance 
analysis or  the respective hardware i n  conjunction with the 
SAIL management office. 

2.1.2.3 CONTROL SYSTEM IIEvELx>PMENT DIVISION (CSDD) 

The CSDD has been made responsible f o r  a number of functions 
related t o  SAIL ac t iv i t i e s .  These f a l l  i n to  both hardware, 
software, and operational simulation areas. It is expected 
t h a t  a large involvement i n  the SAIL program w i l l  be estab- 
l ished with CSDD. Specific areas of SAIL support am: 

o Shut t le  Orbiter Oontrol Subsystems Hardware - A s  a program- 
support element, the CSDD has been given technical manage- 
nrent responsibil i ty f o r  the Rockwell developnent of the o rb i t e r  
e l e c t r i c a l  and electronic systems exclusive of t e l e c o d c a t i o n s .  
Specifically, the CSDD manages guidance and associated on- 
board computers, navigation instrumsntation, controls and dis- 
plays, and power distribution, As a function of this technical 
management, the CSDD w i l l  maintain cognizance of the SAIL 
testing program t o  assure proper Rockwell engineering at tent ion 
and SAIL related engineering products. 
assure the incorporation of development design changes ut i -  
l i z ing  the Shuttle configuration management arrangemnts as 
requirements for design changes found through the SAIL 

The CSDD w i l l  also 

testing. 

o SAIL Simulation Support - The SAIL systems test progmm in- 
' volves the integration and operation of simulation systems 

of the CSDD configured f o r  Shuttle Orbiter. 
Computation and Simulation Branch will  provide the Shuttle 
w c s  Sirmrlator (SDS) f o r  the SAIL. Included are a 
simulation computer, scene generation e q u i p n t ,  a three-axes 
f l i g h t  table  and simulation interface system development. 
Simulation computer software and operation of the simulation 
computer w i l l  be the responsibil i ty of the Hybrid Computation 
and Simulation Branch. 

The Hybrid 

. 
2.1.2.4 TRACKING AND COM.!UNICATIOEIS DEVELOPMENT DIVISION (TCDD) 

The TCDD is responsible f o r  Electronics Systems Test Laboratorg 
support f o r  tfie SAIL. 
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o The TCDD has been made msponsible f o r  technical management 
of the Shuttle Orbiter communications development. I n  this 
capacity, the TCDD will mabtain cognizance of the SAIL test- 
i ng  program t o  assm proper Rochell en,cyineering at tent ion 
t o  SAIL related engineering products. 
insum incorporation of developarent design changes u t i l i z ing  
the Shuttle confijpration management al.1.angements as require- 
ments f o r  design changes ident i f ied through SAIL tests. 

o TCDD maintains and operates a typicallfanned Spaceflight 
Network ground s ta t ion  in laboratory fashion. 
that this ground s ta t ion  be utilized with the SAIL t o  allow 
complete interface compatibiuty t o  be established. 
will pnncI.de laboratory f a c i x t y  and l eve l  of e f f o r t  t o  met 
SAIL test program requirements and t o  d i rec t ly  participate 
i n  tes t  operations. 

The TCDD W i l l  a lso  

It is intended 

The TCDD 

2 .1.3 DATA SYS- AND ANALYSIS DIEZECTORATE (DSAD) 

The DSAD is responsible f o r  assuring the estAblishment and imple-  
mntat ion of test  and f l i g h t  software requiremnts f o r  the SAIL/ 
ATA integrated test  operations. 
lowing functions: 

The DSAD dll perform the fol-  

o Develop and maintain f l i gh t  software f o r  SAIL/ATA integrated 
test  operations i n  accordance with Shuttle Program/Orbiter 
Project Office requiremsnts developed f o r  mission support. 
Develop and maintain SAIL Test Softwaxw in accordance with 
SAIL Project Office requirements. 

o Establish and maintain software scheduled deliveries in 
support of the SAIL Program Master Schedules. 

o Provide Liaison with the Shuttle prinrS contractor f o r  deve lop  
ment of SAIL software. 

' 

o Verify the readiness of software deliverables and certifica- 
t ions thereof t o  the TRRB. 

o Provide support f o r  SAIL test data reduction and processing. 

2.1.4 CENTER OPERA'lTONS DIIU3CTORATE 

The Center Operations Directorate is responsible f o r  implemn- 
ta t ion  of new and modified JSC facilities. 
the engineering division will provide the following SAIL support: 

I n  this capacity, 

o Implemnt SAIL facil i ty requirements i n  accordsnce with SAIL 
development schedules. 

o Provide f a c i l i t y  operations support as required for SAIL test 
operations. (power, communications, etc.) 
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Additional elenLnts of Center Op,rations re necessary i n  support 
t o  SAIL through both activation- and operations phases. 
support includes: 

Specific 

o Implementation of primaq f a c i l i t y  f o r  SAIL. 

o Shipping and receiving logis t ics .  

o Photographic support. 

2.1.5 SAFETY, HELIABIISTY AND QUALITY ASSURANCE DIRECTORATE (SMCQA) 

The SR&QA is  responsible f o r  assuring that the SAIL program con- 
forms t o  NASA direct ives  related t o  safety, r e l i a b i l i t y  and 
qual i ty  a s s u m c e ,  cnntrol and certif ication. 
perform the following functions: 

The SR&QA will 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Provide the qual i ty  spec iaI i s t ( s )  t o  s e m  as single point 
contact f o r  the S W A  i n  matters related t o  control, cer t i f i -  
cation, quality and safety of test operations. 

Review and approve the test procedures, test rules and devia- 
tions therefram i n  accordance with the S W A  Plan f o r  SAIL. 

!)evelop, implemnt and enforce JSC procedures f o r  quality 
contra1 monitoring of AFS and SAIL preparation and test. 

Participate i n  check-out and test operations t o  assure that 
adequate qual i ty  docmnta t ion  is maintained. 

Review test requirements. 

V e r i f y  the readiness of the AFS and f a c i l i t y  f o r  integrated 
test operations. 

Assure the reporting and disposition of AFS, SAIL, GFE, and 
related hardware failures.  

Receive, maintain, and provide archival storage f o r  a l l  "data 
package" and quality control docmantation submitted f o r  the 
SAIL/AFS test  programs. 

Maintain and/or assure and inspection/quality control program 
f o r  the SAIL f a c i l i t i e s  and the support contractor(s), and 
f o r  the AF'S and the prime contractor t o  assure work performed 
is i n  accordance with authorized instructions and standards. 

Review the AFS Test Evaluation Plan f o r  quality requiretments. 



2.2 OTHER NASA CENTERS 

2.2.1 KENIEDY SPACE CENTER (KSC) 

As a portion of responsibi l i t ies ,  the KSC has accepted f o r  the 
Shuttle program, and plans t o  provide a partial Launch Proc- 
essing System (LPS) f o r  pref l ight  ver i f icat ion of Shuttle 
systenrr. Part  of the SAIL objectives is the integration and sys- 
tems Gperation between the f l i g h t  system and the  Lps. I n  this 
act ivi ty ,  KSC w i l l  be responsible for: 

o Provision of required LPS hardware and software (on-site o r  
remote, t o  be determined). 

o Maintenance and operation of LI5 i n  support of the SAIL test 
F v P m .  

o Provision of LPS performance reports subsequent t o  SAIL tests. 

o Resolution of LPS anomalies as a function of SAIL tests. 

Detailed agreements pertinent t o  SAIL between JSC and KSC w i l l  
be documented i n  inter-center working agreements. 

2.2.2 MARSHALL SPACE FLIGHT CENTER (BFC) 

The NASA Marshall Space Flight  Center will supply hardware, 
simulators, software ground support equipmnt, and test support 
personnel f o r  a l l  opemtions involving the Shut t le  mated elements 
which are: 

o External Tank (ET) 

o Space Shuttle Main Engine (SSME) 

o Solid Rocket Boosters (SIB) 

Detailed agreements pertinent t o  SAIL between J S C  and ISFC will 
be documented i n  inter-center working agreements and the Mated 
Elements Management Plan (Vol X )  of JSC-08663. 
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2.3 CONTRACTORS 

2.3.1 ROCKYELL INTERNATIONAL 

Rockwell has been made responsible f o r  the provision of Shuttle 
orbi ter  hardware and associated f l i g h t  systems integration. 
t h i s  resFonsibility is  the adequate development of hardware elements 
t o  meet Shuttle requiremnts and the performance of an adequate sys- 
tems evaluation program t o  validate systems performance pr ior  t o  f l i g h t  
missions. 

Vithin 

Roche11 responsibil i t ies include: 

o Provision of avionics component and subsystem hardware - Rockwell 
is  responsible f o r  providing a l l  test a r t i c l e  primary hardware, 
including avionics components, a cockpit, and interconnecting 
cabling. To adequately establ ish the  f l i g h t  avionics s y s t e m ,  
Roche11 must also Frovide adequate subsystem and system design 
information. 

o Configuration control - Rockwell w i l l  maintain a local  record of  
operational system configuration and w i l l  update t h i s  record 
w i t h  configuration changes as they occur through primary Rockwell 
design effor ts .  Rockwell w i l l  a lso maintain current records of 
the  Avionics Flight System configuration and a l l  differences 
with the primary operatianal system design. 

o Provision of test software requiremnts f o r  SAIL and subsequent 
software integration. 

o Provision of f l i g h t  s y s t e m  software - Arrangements f o r  develop- 
ment of operational software have been established u t i l i z ing  
the Software Development Laboratory. 
software f o r  llon-boardll computation, although the prinrarg respon- 
s i b i l i t y  of Rockwell, w i l l  be j o in t  responsibility i n  the devel- 
opment phases. 

The provision of operational 

o Integration and ins ta l la t ion  of avionics tes t  a r t i c l e  hardware - 
Rockwell will be responsible f o r  provision of llon-sitell engi- 
neering and technical capabili ty t o  acquire and i n s t a l l  avionic 
f l i gh t  hardwam and t o  rearrange and modify this hardwam as 
necessary t o  maintain necessary configuration. 

o Test planning - Rockwell is msponsible t o  provide specific 
avionics f l i g h t  system tes t ing  requirements and t o  support the 
development of complete system test plans f o r  the t o t a l  SAIL 
program. 
the tes t ing  laboratorg. 

A contribution t o  t h i s  effor t  must also be provided by 

o Test operations - Rockwell w i l l  es tabl ish a SAIL test operations 
capability on-site a t  JSC f o r  the duration of the SAIL test 
program. 
perform the following functions relative t o  the Avionics Flight 
Systems ( U S ) :  

Specifically, this capability w i l l  provide for and 
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- Test scheduling f o r  the AFS checkout and t e s t  operations. 

- Ident i fy  the requimments f o r  GFE supplies and services t o  
support AFS checkout and tes t ing  and provide technical support 
and maintenance f o r  the AFS and Rockwell furnished GSE. 

- Ins t a l l ,  check out, t e s t ,  and ce r t i fy  f o r  integrated test the 
AFS and related Ftockwell furnished GSE. 

- Test conduction f o r  AFS tests including provision of a senior 
test conductor and adequate engineering and technical test 
operations personnel. 
management w i l l  be performed by the SAIL Project Office. 

Test direction and general operations 

- Accomplish test preparation, monitoring, and record keeping under 
SAIL Project Office directions. 

- Test reporting: 

llas-run test procedumsf1 

quick-look reporting of tests 

f i n a l  reporting of tes t s .  

o Management - Rockwell w511 provide a focused and ef f ic ien t  manage- 
ment "on-site" f o r  a l l  SAIL Rockwell effor ts .  A specific senior 
manager will be provided as the primary interface f o r  associated 
NASA SAIL management. 
the SAIL management team. 
planning and s ta tus  information of a l l  AFS and support ac t iv i t ies .  
It will support the SR&QA provisions of the SR&QA support plan 
fo r  SAIL with in te rna l  quali ty procedums of Rockwell. 

This manager w i l l  be a primarg member of 
This managemsnt w i l l  a lso provide 

o Math model provisioning - Rockwdl will provide math models fo r  
all flight systems to be simulated in t h  laboratory. 

2.3.2 NASA LABORATORY SUPPORT CONTRACTOR - LOCKHEED EXECTRONICS CORFQRATION 
The Lockheed Electronics Corporation, under direction of the Checkout 
Systems Branch, w i l l  support the design, fabriaction, instal la t ion,  
checkout, and operation of the SAIL exclusive of the Avionics Flight 
System. 

o Assist the Checkout System Branch i n  the overall planning f o r  the 
SAIL. Products of this ac t iv i ty  w i l l  typically be planning 
documentation, SAIL concepts definit ion,  design requirements 
documents, etc. 

Specific functions t o  be performed are: 

o Design the laboratory layout and: a l l  t e s t  article peripheral 
equipment such as e l ec t r i ca l  power supply, coolant supply, 
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f l i g h t  system interface equipment, portable tes t  equipment, 
laboratory control room, f a c i l i t y  modifications, e tc .  

o Assist the Checkout Sgstem Branch i n  the developmnt of labora- 
tory equipment e i ther  by loca l  fabrication or  procurement. 

o Develop and program a l l  laboratory computer software. (Math 
models fo r  a l l  f l i g h t  systems will be supplied by Rockwell.) 

o Activate the laboratory i n  preparation for  test operations. 

o Operate t h e  laboratory during t e s t  operations. 

o Provide laboratory test conductor who w i l l  control a l l  lab- 
ratory operations under the direction of the NASA test direc- 
t o r .  

2.3.3 THE SPACE SHUTTI.3 ENGINEERING AND OPERATION SUPPORT CONTRACTOR - 
MCDONNELL DOUGLAS TECHNICAL SERVICES COMPANY (MDTSCO) 

The Space Shuttle Engineering and Operation Support Contractor 
w i l l  support JSC i n  the integration of the combined SAIL avionics 
f l i gh t  systems and laboratory systems t o  assure proper performance. 
I n  t h i s  capacity he w i l l  be required t o  interface t o  som degI.ee 
with all of the aforementioned organizations i n  carrying out the 
following specific tasks: 

o Systems Integration: Support the general integration of SAIL, 
including test  a r t i c l e s  and t e s t  systems, and specifically:  

- Integration planning support t o  JSC f o r  defining, imple- 
menting, verifying, and controlling the SAIL elements 
functional interfaces within and external t o  the SAIL. 

- Systems engineering support t o  JSC f o r  Integration of SAIL, 
including analyses and system troubleshooting. 

- Maintenance and publication of appropriate test system 
p a r a m t r b  infmnation (e .e., power u t iuza t ion ,  instnunen- 
ta t ion  fists, functional status,  etc.). 

o Systems Configuration: Establish general configuration iderr- 
t i f i ca t ion  of SAIL integrated systems, including providing 
bystems interface plans and formats, detendning required 
technical interface documnts, supporting the establishmsnt 
of general software integmtion plans and maintaining soft- 
w a r e  conf%guration f o r  SAIL. 

Systems Management Support: 
u l e s  status ,  and reporting based on Shuttle program requim- 
ments, and integrate SAIL configuration management plans and 
support change control activities. 

Integrate SAIL schedules, sched- 



o Systems Operations Support: Provide test operations integra- 
tion planning, including plans for recognition of data require- 
ments, and data collection, maintenance, and dissemination; 
support eatablishxmnt of general test plans, operations readi- 
ness, schedules, e tc . ,  and provide compatible plans for recog- 
nition and resolution of test problems and anomlles; perform 
system level SAIL performance analyses based on test operations. 



3 .o 

3 .2 

SAIL PROJECT MANAGEMENT OFFICE 

To meet the  s ta ted objectives of SAIL within limitations of sched- 
ule  and resources, def ini t ive planning is a primarg mquimment 
for  the implementation of e f f i c i en t  project management and control. 
A key e l emnt  t o  the effecMve management of the SAIL is the con- 
currence and commitrmnt of each supporting organization. I n  
consideration of the numerous possible management approaches and 
mthods, the following general responsibi l i t ies  are  planned: 

a. Laboratory f a c i l i t i e s  w i l l  be under the d i r ec t  maygement 
of the SAIL Project Managemsnt Office. 

b. Test system engineering will be d i rec t ly  performed by the 
SAIL support organizations. 

C. Test requirements and procedures preparation and test 
operations will be accomplished under SAIL Rroject Manage- 
m n t  Office. 

d, Maximum use w i l l  be mde of existing f&ctional capabi l i t ies  
of JSC. Associated a c t i v i t i e s  w i l l  be managed by the 
functionalorgani&ation within specif ic  program plana and 
c o d t m e n t s  managed by the SAIL Project Management Office. 

SAIL FUNCTIONAL ORGANIZATION 

The general functions of the SAIL Project Management Office a re  
l is ted i n  Section 2.1.2.1 of this docunrent. 

SUPPORT PANELS, '$IRKING GROUPS, AND BOARDS 

This section presents descriptions of some representative panels, 
working groups, and boards which function i n  support of SAIL. 
Additional working groups and panels may be f o m d  on an as 
required basis from time to time. As appropriate herein, respon- 
sible c h a i m n  are ident i f ied by functional title. 
is concluded with a delineation of the reporting responsibil i t ies.  

The section 

3.2.1 SAIL MANAGEX3 MEETING 

The SAIL Managers Meeting has been established t o  provide a 
mdium f o r  exchange of information, reporting status of partici-  
pating Organizations and t o  ident i fy  potential  problem areas. 
The metings are  held weekly, chaired by the SAIL manager. The 
me t ing  includes responsible individuals from each of the partici- 
pating o r  supporting JSC organizations, and repmsentatives from 
each contmctor organizations working on SAIL. 
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3 02.2 SAIL INTEGRATION GROUP 

The SAIL Integration Group has been established t o  coordinate and 
implement SAIL objectives concerning combined e l emnt  testing, 
This group w i l l  es tabl ish necessary a c t i v i t i e s  t o  identif'y and 
incorporate mated elenrent interface equipment i n  the SAIL test 
a r t i c l e ,  t o  provide f o r  External Tank, Solid Rocket Booster, Space 
Shuttle Main Engine, and Launch Processing System Avionics inte- 
gration and verification. Members of the SAIL Integration Group 
include responsible representatives from t h e  Marshall Space Flight 
Center Shuttle Mated Elemnts Project Office, the Kennedy Space 
Center Shuttle LPS Project Office, SAIL Project, and participating 
SAIL organizations and contractors. 

3.203 SAIL COORDINATION MEETING 

A meeting has been established t o  coordinate the Flight Avionics 
System hardware, software, and associated support requirements, 
and includes design, instal la t ions,  and related ac t iv i t ies .  
Meetings are  held monthly. 
Office and associated support elements. 

INTERFACE CONTROL 'AORKING GROUP (1Ci.G) 

Participants a re  the SAIL Project 

3.2.4 

The purpose of the SAIL ICYG is t o  ident i fy  e 
and establish the Interface Control Document 3" ICD) requiremnts 
f o r  each interface.  
SAIL; 

pmnt interfaces 

There are three types of interface areas i n  

a. 

b. Between GFE s u p p r t  equ ibn t s  

Between operational equipments (Orbiter, Plated Elements, LPS) 

C. Between Flight System equipment and GFE support equipment 

.The I C D  and I C D  verification plan f o r  the Fl ight  System are devel- 
oped by the Level I1 and Level I11 CCB. 
U t e d  t o  maintaining the in t eg r i ty  of the systems interfaces and 
implementing changes as directed by the appropriate Level II/III 
CCBs . 

The SAIL authority is 

3.2.5 TEST PANELS, TEST BOARDS, AND TEST TEAK 

There will be test panels, test boards, and t e s t  teams requimd 
t o  support the SAIL integrated t e s t  program and test operations. 
Figure 3-1 presents an overview of the approach t o  test operations. 
The functions and responsibi l i t ies  w i l l  be detailed as appropxdate 
i n  the Tier I11 and Tier IV test  docwnta t ion  (refer t o  section 
3.3.1). 
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3.2.6 

3.3 

3.3.1 

3.3.1.1 

3.3.1.2 

. I 

KEPOR'ITNG BY PAMELS AND WORKING GROUPS 

Each panel and working group chaiman w i l l  be responsible f o r  the 
preparation of writ ten minutes. Each chairman w i l l  establish the 
appropriate dis t r ibut ion f o r  minutes. 

SAIL PROJECT MANAGEMEXT VISIBIUTY 

The SAIL Project Nanager has the management methods and/or tools  
described i n  this section a t  his  disposal i n  order t o  maintain 
v i s i b i l i t y  and control i n  the managemnt of SAIL. Each of these 
contributes t o  the overal l  SAIL managemnt approach. 

SAIL CONTROLLED MANAGEMENT DOCUl'IENTATION 

The SAIL Project Plan, Volume I of JSC-08663, is  the basic planning 
document f o r  the SAIL project. 
objectives, presents the managemnt roles and responsibil i t ies,  and 
describes the SAIL project managenrent methodology. To augrnent the 
SAIL Project Plan, specialized management plans am being prepared 
by the SAIL Managemnt Office defining approach, procedures and 
policies t o  meet Space Shuttle program requirenxmts. Figure 3-2 
presents the mlat ionship of the currently planned SAIL documsnts, 
and a brief description of each of these documents follows. As 
deemd necessary, these Tier I1 managenrent documents may be s u p  
plemented with additional volumes (Tier 111) and w i l l  be defined 
i n  the Documntation Management Plan Volume of JSC-08663. 

This docunaent summarizes the SAIL 

Configuration Managemnt Plan (Volurns 2 JSC-08663) 

o Ident i f ies  and defines the p l i c i e s ,  management organization, 
and methodology t o  implement configuration management of SAIL 
hardware, software, and documntation. 

o Establishes and defines key management e lemnts  related t o  mana- 
gement control of SAIL. 

CCP - Configuration Control Panel 
I C d G  - Interface Control Norking Group 
T;G - Test Norking Group (Test Planning) 

o Describes.the processes, procedures, ard mthods f o r  processing 
changes (hardware, software, documents) and establishing status/  
accounting methods f o r  SAIL. 

Documentation Management Plan (Volumj 3 JSC-08663) 

o Defines the organization, disciplines, and mthodology f o r  
managing and controlling SAIL documentation including: 

- Documentation Management and Control - Documentation Change Control 
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o Presents the  SAIL Documentation T r e e  and Index. 

o Describes the processes, procedures, and methndology f o r  

Data Management Plan (Volunre 4 JSC-08663) 

preparing SAIL documents. 

3.3.1.3 

o Defines the data requirements for  SAIL, ident i f ies  organiza- 
t i ona l  responsibil i t ies and interfaces, and provides guide- 
l i nes  fo r  data development. 

3.3.1.4 Safety, Reliabil i ty,  and Quality Assurance Management Plan 
(Vol~nre 5 JSC-08663) 

o Defines safety, real iabi l i ty ,  and quality assurance Require- 
ments f o r  SAIL. 

o 

Operations Ihnagemnt Plan ( V o l w  6 JSC-08663 ) 

Ident i f ies  organizational requirements and provides guidelines 
and procedures f o r  implementing these requirements. 

3.3.1.5 

o Defines major SAIL operational requirements, ident i f ies  
organization reSFOn3ible f o r  these mquiremnts, and provides 
general guidelines and procedures f o r  implementing these 
operational requirements . 

3.3.1.6 Logistics Management Plan (Volwne 7 JSC-08663) 

o Defines the log is t ics  requiremnts f o r  SAIL, ident i f ies  the 
organizational responsibil i t ies,  and provides guidelines and 
procedures fo r  implementing log is t ics  requirements. 

3.3.1.7 Computer Systems and Software Management Plan (Volume 8 JSC-08663) 

o Relates Shuttle Program and Orbiter Project plans and reqyire- 
m n t s  fo r  computer systems and softwarn t o  the Shuttle Avionics 
Integration Laboratory (SAIL). 

. 

o Delineates the roles  and responsibil i t ies of the organizations 
involved i n  developing SAIL re lated computer systems and soft- 
w a r e .  

o Defines the computer systems interrelationships f o r  those 
systems which a f fec t  SAIL and ident i f ies  the system elements. 

o Defines the raviews, review processes, documentation require- 
nmts, configuration management, acceptance procedures, and 
data control mthods which w i l l  provide management v i s i b i l i t y  
fo r  progress of the computer systems and softwam developmnt. 
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3.3.1.R Interface Control Documents Managemnt Plan (Volume 9 JSC-08663) 

o Establishes mthods f o r  identifying, describing, docunsnting, 
and controlling the configuration of SAIL equipmsnt internal 
interfaces . 

o Defines the  organizations and documnts required t o  manage and 
control SAIL in te rna l  interfaces. 

o Describes detailed procedms f o r  use of Interface Contml 
Documents (ICDts) and Interface Revision Notices (IRNts). 

13.3.1.9 Mated Elements Elanagement Plan (Voluxm 10 JSC-08663 ) 

o Establishes objectives and requirements f o r  mated elements 
(i.e., ET, SSME, SRB, LPS, and Payloads). 

o Delineates roles and responsibi l i t ies  of organizations involved 
i n  developnrent of SAIL interfaces. 

o Defines documentation requimmnts associated with SAIL/mated 
elements . 

o %fates operation requirements t o  mated element testing. 

o Defines tes t  configurations t o  be u t i l i zed  i n  SAIL. 

3.3.2 , SAIL IASTER SCHEDUI.23 

The SAIL Master Schedule will be published a s  a supplement t o  this 
SAIL Project Plan and form a part of the document. 
w i l l  define the  major milestones of SAIL and mlate them t o  Shuttle 
program milestcmes. 

This schedule 

3.3.3 SAIL CONFIGURATION CONTRIL PANEL 

The CCP is the principal management t o o l  responsible f o r  the con- 
t ro l  of SAIL operation. 

The Configuration Control Pans1 (Level N CCP) is  established as 
the primary functional elemnt t o  define, integrate,  and iqb- 
ment the configuration rnanagemnt policies, requirements, and 
procedures f o r  SAIL. 

The CCP w i l l  be chaired by the  SAIL Project Manager. 
ship of the panel w i l l  include repreaentatives f r o m  the Shuttle 
Program Office, Orbiter Project Office, Safety, ReUability, and 
Quality Assurame Directorate, and key members of each SAIL system 
functional e l emnt s  . 

The msmber 
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The primary SAIL system functional elements include: 

o Orbiter 

o Mated Elements 

o Launch Processing Sgstem 

o SAIL Test System ( i . e . ,  Teat Operations Center, Shuttle 
Dynamics Simulator, e t c . ) .  
under the supporting elements for changes not affecting inter- 
faces. 

Sub panels of the CCP are organized 
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APFENDIX A 

ACRONYMS AND ABEIWIATIONS 

ACS 

*ws 

ALT 

ASTD 

CCP 

C i,io 

CSaD 

SPS TI, 

INU 

LPS 

! E C  

Automatic Checkout EquiFment. 

Avionics F l iyh t  System 

Approach and IJanding Test 

Avionics Syst,ms 3ngineering Division 

Conf ip -a t ion  Conttrol Panel 

C onf i p r a t  ion  I.ianzge.:-ent, O f  fi cc 

Control Sys tms  Developmnt DivS.sion 

Oata Processing Systen 

Data Systems an;: Analysis Directorate 

3qineer inF:  an2 De ve  lop^ n t  D i r e  c t o ra t  e 

U s c t r o n i c s  Sys tms  Test Lalooratory 

Xxternal Tank 

Fli nht Attitude Tabk 

Fli,.tht Opt-rations Dimctora.te 

Govmnxnt, F u r i s h i  Zquipmnt 

Groii.nd Support. Xqui.mmt, 

In%nrnational Eusi.ness Hlachinc s Cornoratior. 

Intcrfacci Control Xorking Group 

I ne r t i a l  14easi i ~ m r  n t  U n i t  

Inke,qraterf Test Ama 

Johnson Space Canter 

Kennt=dy SFacF Center 

Loc!<heerl Xhc t ron ic s  Corporation 

Launch Processing S y s t m  

Nission Control Center 
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ACRONYK AND ABBFBVIATIONS (Continued) 

iDTSCO IlcDonncll Douglas Technical Servicc.s Cornpan:. 

:\: AS A Rat3 o ~ a l  Aeronautics and Space Administration 

OFT Orbi ta l  Fliqht.  Test 

OF0 Orbiter  Pro j c c t Off icg 

&A Qiali t y  Assurance 

c,C Q u a l i t y  Control 

:?F Radi o Frcqucncy 

.a loc!.nm 11 In te rna t iona l  Corporation 

SAIL Shut t lc-, hric17i cs I ntc  zra ti on Labo rat,ory 

SATS Shlittlt: Avionics Test Systen 

SCCPD SAIL ConfiTiratisn Control Fanel DirectiTre 

s l3L Softwzre k r z l o p r n t  Laboratory 

S3PC S?ace: S h u t t k  Program Office 

S?CS Si? m i  cr? s 

TIS Test, Intprface System 

TOC Test, Operations Center 

TitRIl Test %adi ness Review Board 

T*x; Test, Xorking Group 
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ACRONYIB AND ABBREVIATIONS (Continwd) 

UTE 

:ms 
XFR 

b DOF 

Unified Test Equipment 

Work Breakdown StructuTX 

Transfer 

Six-degEe-of-f reedom 

A-3 


